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IN HUMAN SERUM WITH FAT BLENDS 
Background of the Invention 
This invention relates to fat blends and methods for 



their manufacture and use in foods to stabilize or lower 
the low density lipoprotein cholesterol (LDL or LDL-C) 
5 concentration and increase the high density lipoprotein 
cholesterol (HDL or HDL-C) concentration in human serum. 

Coronary heart disease (CHD) is the major cause of 
death in the USA and other affluent nations. Plasma 
cholesterol, more specifically the LDL/HDL ratio, is 

10 highly correlated with risk of CHD as documented by 
Willett and Sacks, 324 N . Ena . J . Med . 121, 1991. The 
accumulation of LDL in the arterial intima is thought to 
lead to its oxidation, which in turn results in cascading 
events that induce arterial occlusion and thrombosis. 

15 High concentrations of HDL appear to block LDL oxidation 
and reduce the atherogenic potential of LDL. Thus, 
dietary means which decrease the LDL/HDL ratio (or in- 
crease the HDL/LDL ratio) , especially means which would 
increase HDL, are desirable. Perlman and Hayes, U.S. Pat. 

20 No. 5,382,442 describe modified fat compositions and 
methods for decreasing total serum cholesterol while 
simultaneously decreasing the LDL/HDL serum cholesterol 
ratio. This ratio decreased as both the LDL and HDL 
concentrations decreased. The net LDL/HDL ratio in the 

25 serum decreased only because the LDL cholesterol 
concentration decreased by a greater factor than serum HDL 
with the dietary use of a fat-oil blend which included one 
to ten parts by weight cholesterol-reduced animal fat 
containing myristic acid, and one part by weight vegetable 

30 oil containing linoleic acid. 
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Within the past three years several authors have 
collected and analyzed a large number of independent 
metabolic studies relating to the effect of saturated, 
monounsaturated, and polyunsaturated fatty acids in the 
5 diet on serum LDL and HDL cholesterol levels. These 
studies have included the techniques of multiple 
regression analysis to examine LDL and HDL levels versus 
dietary intake of each group of fatty acids as separate 
variables expressed as the percentage of dietary energy, 
10 i.e., the total daily calorie intake of individuals in the 
studies . 

Mensink and Katan (12 Arteriosclerosis and Thrombosis 
911, 1992) made the following conclusions; "Replacement 
of saturated by unsaturated fatty acids raised the HDL to 

15 LDL cholesterol ratio, whereas replacement by 
carbohydrates had no effect. Thus, under isocaloric 
metabolic-ward conditions the most favorable lipoprotein 
risk profile for coronary heart disease was achieved if 
saturated fatty acids were replaced with unsaturated fatty 

20 acids, with no decrease in total fat intake." Hegsted 
et al, (57 Am. J. Clin. Nutr. 875, 1993), combined data 
from 155 human trials in which LDL and HDL cholesterol 
measurements were available. With regard to fatty acids 
and cholesterol in the diet, the authors state in their 

25 published abstract, "1) saturated fatty acids increase 
and are the primary determinants of serum cholesterol, 2) 
polyunsaturated fatty acids actively lower serum 
cholesterol, 3) monounsaturated fatty acids have no 
independent effect on serum cholesterol and 4) dietary 

30 cholesterol increases serum cholesterol and must be 
considered when the effects of fatty acids are evaluated. 
More limited data on low density lipoprotein cholesterol 
(LDL-C) show that changes in LDL-C roughly parallel the 
changes in serum cholesterol but that changes in high 

35 density lipoprotein cholesterol cannot be satisfactorily 
predicted from available data." Within this cited 
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article, Hegsted et al . show that LDL levels increase an 
average of 1.74 mg/dl for each 1% increase in dietary- 
energy represented by saturated fatty acids, while LDL 
levels decrease an average of 0.77 mg/dl for the corre- 
sponding amount of polyunsaturated fatty acids. Referring 
to the possibility of predicting changes in HDL levels in 
the serum, these same authors state, "It does not appear 
possible to develop an equation that predicts changes in 
HDL-C satisfactorily" and, "The errors in the regression 
coefficients are large; hence, little reliance should be 
placed on the equation." These authors calculate a very 
modest increase in HDL-C correlating with a dietary 
increase in either saturated or polyunsaturated fatty 
acids (0.43 mg/dl for a 1% increase in dietary energy 
represented by saturated fatty acids and 0.22 mg/dl for 
the corresponding amount of polyunsaturated fatty acids) . 
This indicates that one would expect that for saturated 
fatty acids, the much smaller increase in HDL (0.43) 
versus LDL (1.74) per 1% dietary energy, would typically 
result in a decrease in the HDL/LDL ratio as the saturated 
fatty acids are increased. On the other hand, the Hegsted 
et al. and the Mensink and Katan calculations would 
predict that an increase in the proportion of dietary 
polyunsaturated fatty acids at the expense of saturated 
fatty acids would increase the HDL/LDL ratio because this 
dietary increase caused a large decrease in LDL 
(approximately 2 mg/dl) and only a small proportional 
decrease in HDL (approximately 0.2 mg/dl). By 
comparison, the overall HDL/LDL serum ratios in these 
studies ranged from approximately 0.25 to 0.50. 

Fat blends which include saturated vegetable fats in 
combination with polyunsaturated vegetable oils have been 
noted for dietary and/or cooking use. For example, Choi 
et al., [24(1) Lipids 45, 1989] describe cholesterol 
synthesis in rats with the feeding of safflower oil or 
linseed oil blended with palm olein in purified diets 
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containing 10% fat. Suzuki et al . , ( Jpn . Koka i Tokkyo 
Koho JP 01, 262,753 [89,262,753] 19 Oct 1989), 

describe the use of 40-90% natural palm oil and 60-5% 
natural vegetable oil in deep frying. Lim et al . , [39(12) 
5 Yukaqaku 1045, 1990] describe tlie increased oxidative 
stability of soybean oil blended witli crude or refined 
palm oil or refined palm kernel oil. Murakami et al . , 
[41(3) Yukaaahu 196, 1992] describe tlie feeding of 
soybean oil blended with an equal weight of palm stearin 

10 in diets containing 20% fat in which cholesterol 
metabolism was monitored in rats. Kajimoto et al . , [44(6) 
Nippon Eivo, Shokuryo Gakkaishi 499, 1991] describe the 
blending of soybean oil or rapeseed oil with palm oil, and 
the blending of soybean oil, rapeseed oil and palm oil to 

15 enhance the oxidative stabilities of the polyunsaturated 
oils. Han et al . , [23(4) Han^ guk Sikp^um Kwahakhoechi 
465, 1991] describe the stabilization of soybean oil 
against thermal and oxidative degradation by blending with 
an equal or greater proportion of palm oil. 

20 Summary of the Invention 

Applicant has determined that in the consumption of 
dietary fat (as natural triglycerides) it is important to 
maintain a specific ratio of saturated fatty acids to 
polyunsaturated fatty acids (at least 0.5:1 but less than 

25 2:1) in the absence of cholesterol. Particularly, it is 
useful to ingest palm oil, palm olein or its equivalent as 
the source of the saturated fatty acid. Thus, the present 
invention relates to the dietary use of a cholesterol-free 
composition and mixture of two or more vegetable fats 

3 0 and/or oils, in which a balanced proportion of at least 
one saturated fatty acid such as palmitic acid, is 
provided together with an approximately equal proportion 
of at least one polyunsaturated fatty acid such as 
linoleic acid in the dietary fat. Such a composition will 

35 increase HDL cholesterol and increase the HDL/LDL ratio 
(or decrease the LDL/HDL ratio) in the serum of mammals 

5 
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including humans and other primates. According to the 
present invention, a method is described for increasing 
the HDL/LDL ratio in human serum in which the HDL 
concentration increases while the LDL concentration 
remains essentially constant or decreases. Accordingly, 
when daily in jested fat in the human diet is provided at 
a level such that it accounts for approximately 3 0% of the 
total dietary energy (as currently recommended by the 
nutritional research community) , the saturated fatty acids 
including palmitic acid, or lauric and myristic acid must 
constitute between 20% and 40% by weight of the daily 
dietary fat, and the polyunsaturated fatty acids including 
linoleic acid must constitute between 15% and 40% by 
weight of this fat to maximize the serum HDL/LDL ratio. 
As one example, a cholesterol -free natural triglyceride 
fat blend containing equal proportions of approximately 
30% by weight palmitic acid and 30% by weight linoleic 
acid plus linolenic acid is useful in the present 
invention. For this invention to be completely effective, 
it is important that certain cholesterolemic components 
be substantially absent from the diet. These components 
include but are not limited to dietary cholesterol and 
trans fatty acids, e.g., triglycerides containing elaidic 
acid produced during partial hydrogenation of vegetable 
oils. Illustrating this point with a human nutritional 
study, Sundram et al. (9 FASEB J. 000, 1995, Abstr.) have 
shown that exchanging trans 18:1 [elaidic acid] for cis 
18:1 [oleic acid] caused a large increase in LDL and a 
decrease in HDL (where trans and cis 18:1 represented 
respectively, 7% and 16% of the dietary energy) . This 
result and effect is opposite to the desired effect of the 
present invention . 

Applicant has determined that a moderate proportion of 
saturated fatty acids is beneficial for increasing the 
HDL/LDL ratio in human serum and that a large proportion 
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of polyunsaturated fatty acids in the dietary fat may, 
surprisingly, be undesirable in depressing this ratio. 

Such advantages are achieved when the diet is 
essentially free of trans fats ( e.g. , elaidic) and 
5 represents the actual profile of fatty acid intake of the 
human . 

Thus, in a first aspect, the invention features a 
method of increasing the HDL concentration and the HDL/LDL 
concentration ratio in human serum. This is achieved by 

10 providing a balance between a sufficient and required 
proportion of cholesterol-free saturated fatty acids in 
the daily dietary fat of a human, and a sufficient and 
required, but not excessive proportion of polyunsaturated 
fatty acids including linoleic acid in dietary fat. The 

15 remaining proportion of fatty acids and energy from 
dietary fat is provided by monounsaturated fatty acids 
including oleic acid. This means that the saturated fatty 
acids must constitute between 20% and 40% by weight of the 
daily dietary fat (based upon dietary fat accounting for 

20 30% of the total dietary energy consumption) . It also 
means that linoleic acid must constitute between 15% and 
40% by weight of this dietary fat. These constituents 
will provide the required proportional intake of 
polyunsaturated fatty acids and thereby enhance the 

2 5 formation of HDL from VLDL and/or decrease the clearance 

of HDL. An excessive proportional intake of 

polyunsaturated fatty acids and monounsaturated fatty 
acids is also avoided in such a formulation to assure a 
sufficient dietary availability of saturated fatty acids 

3 0 which are required for sufficient VLDL synthesis and HDL 

production . 

In preferred embodiments, the cholesterol -free 
saturated fatty acids include palmitic acid, lauric acid 
and myristic acid; the proportion of monounsaturated fatty 
35 acids in the daily dietary fat is between 20% and 50% 
oleic acid and no greater than 1% elaidic acid (or other 
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unnatural 



trans 



fatty 



acids) 



by 



weight ; 



the 



polyunsaturated fatty acids include linoleic acid and at 
least one other polyunsaturated fatty acid selected from 
the group including of-linolenic acid, eicosapentenoic acid 
5 (EPA) , and docosahexenoic acid (DHA) ; and the proportion 
of saturated fatty acids in the daily dietary fat is at 
least 20% by weight and dietary fat has less than 5% by 
weight stearic acid. 



10 method of stabilizing or decreasing the LDL concentration 
in human serum by providing saturated fatty acids in the 
daily diet in a proportion between 20% and 4 0% by weight 
of the daily dietary fat (based upon dietary fat 
accounting for 3 0% of the total dietary energy 

15 consumption) , and maintaining a proportion of 
polyunsaturated fatty acids (including linoleic acid) in 
the daily diet at the expense of monounsaturated fatty 
acids (including oleic acid and/or elaidic acid) . The 
linoleic acid constitutes between 15% and 40% by weight of 

20 dietary fat. Removal of plasma VLDL remnants and LDL is 
maximized by this formulation, and the production of LDL 
is reduced. 

In a third related aspect, the invention features a 
method of increasing the HDL and stabilizing or decreasing 

25 the LDL concentration in human serum by providing 
saturated fatty acids in the daily diet in a proportion 
between 20% and 40% by weight of the daily dietary fat 
(based upon dietary fat accounting for 30% of the total 
dietary energy consumption) , whereby the production of 

3 0 VLDL, as the HDL precursor, is adequately sustained and is 
not limiting in HDL biosynthesis. In addition, the 
method includes maintaining a proportion of 
polyunsaturated fatty acids (including linoleic acid) in 
the daily diet at the expense of monounsaturated fatty 

35 acids (including oleic acid and/or elaidic acid) , wherein 
linoleic acid constitutes between 15% and 40% by weight of 



In a second related aspect, the invention features a 
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dietary fat, whereby VLDL catabolism to HDL is facilitated 
and hepatic clearance of VLDL remnants and LDL is 
enhanced . 

In a fourth related aspect, the invention features a 
5 method of increasing the HDL concentration and the HDL/LDL 
concentration ratio in human serum by the dietary 
consumption of foods prepared using a cholesterol -free 
blended fat composition containing a ratio of one part by 
weight polyunsaturated fatty acids to at least one part by 

10 weight saturated fatty acids. The blended fat composition 
includes linoleic acid and at least one saturated fatty 
acid selected from the group including lauric acid, 
myristic acid, and palmitic acid. The linoleic acid 
constitutes between 15% by weight and 40% by weight of the 

15 composition and saturated fatty acid constitutes between 
20% and 40% by weight of the composition. In this way, 
adequate dietary levels of saturated fatty acids in the 
absence of cholesterol stimulate VLDL synthesis and 
secretion by the liver, and adequate dietary levels of 

20 linoleic acid enhance LPL activity and generation of HDL 
from VLDL while stimulating the removal of VLDL remnants 
and LDL, and concommitently decreasing CETP activity and 
HDL catabolism. 

In preferred embodiments of the above aspects, the 

25 foodsource of saturated fatty acids includes at least one 
vegetable fat selected from the group including palm fat, 
coconut fat and cocoa butter; the palm fat is selected 
from the group including palm oil, palm olein, and palm 
kernel oil; the food source of polyunsaturated fatty acids 

30 includes at least one vegetable oil selected from the 
group including corn oil, sunflower oil, saf flower oil, 
soybean oil, cottonseed oil, canola oil, and peanut oil; 
the polyunsaturated fatty acids include linoleic acid and 
linolenic acid; wherein linolenic acid is contributed by 

35 soybean oil, canola oil, edible flax seed oil, and/or 
perrilla seed oil; within the blended fat composition is 
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provided a proportion of at least one part by weight 
cholesterol -free saturated fat to one part by weight 
polyunsaturated fat to stabilize the polyunsaturated fat 
against oxidation; the oxidation-resistance of the blended 
5 fat composition upon heating to a temperature of 100 'C or 
greater in air is increased by at least 25% compared to 
the oxidation resistance of the polyunsaturated fat 
component when heated separately from the blended fat 
composition; essentially all of dietary fat is provided in 

10 a nutritionally balanced liquid and/or solid formula diet 
in which dietary fat accounts for between 15% and 45% of 
the total dietary energy consumption; the dietary fat 
accounts for between 20% and 30% of the total dietary 
energy consumption; the compositions noted above are used 

15 in place of dietary consumption of foods prepared using a 
blended fat composition, that is, such foods are 
substituted with the dietary ^consumption of a 
nutritionally balanced liquid formula diet prepared using 
a blended fat composition in which the total fat content 

20 therein accounts for between 15% and 45% of the total 
dietary energy consumption; daily dietary fat or foods 
contain a blended fat composition including one part by 
weight of at least one polyunsaturated vegetable oil 
selected from the group including corn oil, sunflower oil, 

25 saf flower oil, soybean oil, cottonseed oil, canola oil, 
and peanut oil blended with at least one part by weight of 
vegetable fat including saturated fatty acids; the 
vegetable fat is selected from the group including palm 
fat, coconut fat and cocoa butter; and the palm fat is 

30 selected from the group including palm oil, palm olein, 
and palm kernel oil. 

In a fourth related aspect, the invention features a 
method of increasing the HDL concentration and the HDL/LDL 
concentration ratio in human serum by the dietary 

35 consumption of foods. These foods are prepared using at 
least one modified fat selected from the group including 
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a chemically interesterif ied fat, an enzymatically 
interesterif ied fat, and a synthetic fat. The modified 
fat includes one part by weight polyunsaturated fatty 
acids and at least one part by weight saturated fatty 
5 acids selected from the group including lauric acid, 
myristic acid, and palmitic acid. The polyunsaturated 
fatty acids constitute between 15% by weight and 40% by 
weight of modified fat, and the saturated fatty acids 
constitute beweeen 20% and 40% by weight of modified fat. 

10 In this way adequate dietary levels of saturated fatty 
acids in the absence of cholesterol stimulate VLDL 
synthesis and secretion by the liver, and adequate dietary 
levels of polyunsaturated fatty acids enhance LPL activity 
and generation of HDL from VLDL while stimulating the 

IB removal of VLDL remnants and LDL and concommitently 
decreasing CETP activity and HDL catabolism (Fig. 1) . 

Preferably, the weight ratio of saturated fatty acids 
to polyunsaturated fatty acids included in dietary fat, 
modified fat, or blended fat composition ranges from 0.5: 

20 1 . 0 to 2 . 0 : 1.0; and the weight ratio is approximately {± 
20%) 1 to 1. 

In a fifth related aspect, the invention features a 
liquid and/or solid dietary composition suitable for human 
or animal ingestion for increasing the HDL concentration 

25 and the HDL/LDL concentration ratio in the blood serum. 
Essentially all of dietary fat which accounts for between 
15% and 45% of the total dietary energy in liquid formula 
diet, is provided by a blended fat composition containing 
one part by weight polyunsaturated fat and at least one 

30 part by weight cholesterol- free saturated fat. The 
blended fat composition includes linoleic acid and at 
least one saturated fatty acid selected from the group 
including lauric acid, myristic acid, and palmitic acid. 
The linoleic acid constitutes between 15% by weight and 

35 40% by weight of the composition, and saturated fatty acid 
constitutes between 20% and 40% by weight of composition. 

// 
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In preferred embodiments, dietary fat accounts for 
between 20% and 30% of the total dietary energy in the 
liquid formula diet; the saturated fatty acid is 
predominantly palmitic acid; and a reduction in cardiac 
5 arrythmia accompanies the increase in HDL concentration 
and the increase in HDL/LDL concentration ratio. 

Suitable sources for cholesterol-free fats containing 
saturated fatty acids include saturated vegetable fats 
such as palm fat, coconut fat, and cocoa butter. Palm 

10 oil, palm olein, and palm kernel oil are particularly 
useful sources for the saturated fatty acids.. Suitable 
sources for polyunsaturated fatty acids include the 
vegetable oils which are rich in linoleic acid such as 
corn oil, sunflower oil, saf flower oil, soybean oil, and 

15 cottonseed oil for example. The above-mentioned vegetable 
fats and oils can be blended in appropriate ratios 
according to the content of the above-mentioned saturated 
and polyunsaturated fatty acids therein, to produce 
dietary fat blends having the recommended proportions by 

20 weight of saturated and polyunsaturated fatty acids (see 
Tables I and II for the fatty acid content of various 
vegetable fats and oils as derived from published data 
[Agriculture Handbook No. 8-4, U.S.D.A. Science and 
Education Administration, Composition of Foods: Fats and 

25 Oils ] ) . 
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TABLE I 



POLYUNSATURATED VEGETABLE OILS 



Safflower 


Sunflower 


Com 


Cottonseed 


Soybean 


Peanut 


Canola 


SATs (wt %^ 

total 9. 1 


10.3 


12.7 


25.9 


14.4 


16.9 


7.1 


14:0 0.1 
16:0 6.2 
18:0 2.2 


5.9 
4.5 


10.9 
1.8 


0.8 
22.7 
2.3 


0.1 
10.3 
3.8 


0.1 
9.5 
2.2 


4.0 
1.8 


MONOs rwt%) 
total 12.1 


19.5 


24.2 


17.8 


23.3 


46.2 


58.9 


18:1 11.7 
20:1 


19.5 


24.2 


17.0 


22.8 
0.2 


44.8 
1.3 


56.1 
1.7 


POLYs (wt%') 
total 74.5 


65.7 


58.7 


51.9 


57.9 


32.0 


29.6 


18:2 74.1 
18:3 0.4 


65.7 


58.0 
0.7 


51.5 
0.2 


51.0 
6.8 


32.0 


20.3 
9.3 



^ ' TABLE II 

SATURATED VEGETABLE FATS 
Coconut Oil Cocoa Butter Palm Oil Palm Olein Palm Kernel Oil 



SATs (\vt%) 
total 


86.5 


59.7 


49.3 


43.7 


81.4 


12:0 
14:0 
16:0 
18:0 


44.6 
16.8 
8.2 
2.8 


0.1 
25.4 
33.2 


1.0 
43.5 
4.3 


0.8 
38.9 
4.0 


47.0 
16.4 
8.1 
2.8 


MONOs (wt%) 
total 


5.8 


32.9 


37.0 


45.0 


11.4 


18:1 
20:1 


5.8 


32.6 


36.6 
0.1 


45.0 


11.4 


POLYs rwt%) 
total 


1.8 


3.0 


9.3 


11.3 


1.6 


18:2 
18:3 


1.8 


2.8 
0.1 


9.1 
0.2 


10.9 
0.4 


1.6 
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For example, two parts palm oil (44% palmitic acid, 9% 
linoleic acid) can be blended with one part corn oil (11% 
palmitic acid, 58% linoleic acid) to provide a balanced 
fat blend containing approximately 33% palmitic acid 
5 (16:0) and 25% linoleic acid (18:2). Such cholesterol- 
free balanced fat blends are useful not only as dietary 
constituents that modulate plasma cholesterol to maximize 
the HDLi/LDL ratio but also provide advantageous use in 
various cooking procedures such as in deep- fat frying. 

10 The fat blends may also be used in shortening for baked 
prepared foods (including cakes, pies, cookies, crackers, 
etc.), in dairy products (including frozen desserts, 
creams, cheeses, spreads) , and in blended food products 
(including salad dressing, margarines, mayonnaise) . In 

15 addition the fat blends may be used in liquid and/or solid 
dietary compositions for managing and controlling food 
intake such as for weight loss, control of 
hypercholesterolemia, or for managing any one of a variety 
of health conditions requiring a controlled diet in which 

2 0 the proportion and composition of the dietary fat must be 
controlled. As a practical matter, the balanced mixture 
of saturated and polyunsaturated fatty acids can be 
provided not only as a natural blend of cholesterol - free 
saturated fats and polyunsaturated oils, but also as a 

25 mixed fatty acid composition in the form of one or more 
modified or synthetic fats incorporating chemically or 
enzymatically interesterif ied fatty acids to achieve the 
balanced proportion of saturated and polyunsaturated fatty 
acids described in this invention. 

30 Other features and advantages of the invention will be 

apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 
The drawing will first briefly be described. 

35 Drawing 
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The Figure is a diagrammatic representation of 
lipoprotein metabolism . 
Fatty Acid Balance 

To understand the significance of, and reason for 
5 balancing the proportion of saturated and polyunsaturated 
fatty acids in the fat-containing foods mentioned above 
such as cooking fats, prepared baked foods, dietary foods, 
and the like, one must understand some of the important 
parameters governing lipoprotein and cholesterol synthesis 

10 and catabolism ' (l >u j i! l Figui^c ^ . 

The LDL/HDL ratio, and changes in this ratio depend 
upon a number of metabolic variables such as hormonal, 
metabolic, environmental and nutritional perturbations 
including changing dietary fat compositions which affect 

15 lipoprotein levels. As detailed in Figure 1, it can be 
seen that both LDL and HDL are derived, in part, by the 
catabolic events resulting in the breakdown of VLDL (very 
low density lipoprotein) , the TG (triglyceride) -rich 
lipoprotein secreted by the liver for the purpose of 

20 delivering TG to muscle for energy generation or to 
adipose tissue for storage. In humans, the breakdown of 
VLDL is a major source of HDL as well as the primary 
origin of LDL as described by Grundy et al . , 31 J. Lipid 
Res . 1149, 1990. Thus, the potential mass for both HDL 

25 and LDL generation is dependent, in part, upon the 
production rate (mass per unit time) of VLDL secreted by 
the liver. On the other hand, reduction in the final 
pool of circulating LDL depends both upon the proportion 
of the VLDL remnants which are retained and cleared by the 

30 liver directly (reducing diversion to LDL) as well as the 
rate of LDL removal by the liver once LDL is formed. Both 
VLDL remnants and LDL are cleared via liver receptors 
(LDLj.) , and both represent a "sink" for receiving HDL 
cholesterol esters (CE) via CETP (cholesterol ester 

35 transfer protein, see below) , thereby reducing the HDL 
pool once it has been formed. The main function of HDL in 

5 
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this cholesterol-shuttle pathway is to "clean-up" the 
cholesterol excess "spilled" during VLDL catabolism and 
then deliver it (as indicated above) as CE either to VLDL 
remnants or to LDL. These lipoproteins can then carry 
5 cholesterol back to the liver for excretion as bile acids 
(or biliary free cholesterol) . Both the catabolism of 
VLDL involving release of TG, and the CE shuttle from HDL 
to VLDL-LDL are controlled by proteins that are affected 
by dietary fat. The former process is modulated by 

10 lipoprotein lipase (LPL) and the latter by the transfer 
protein CETP . These proteins are affected oppositely by 
the presence of saturated (SAT) and trans (elaidic acid- 
containing) fats on the one hand, versus polyunsaturated 
(POLY) fat on the other hand. SAT and trans fats induce 

15 increased CETP activity which is associated with increased 
LDL, and trans fats can even decrease HDL. However POLYs 
reduce the activity of CETP and enhance LPL activity and 
favor formation of HDL from VLDL as shown by Demacker et 
al., 21 Eur. J. of Clin. Invest. 197, 1991. 

20 Applicant and other investigators have found that 

dietary fatty acids consumed in the form of natural fats 
or fat blends affect different lipoproteins and their 
concentrations in a number of ways. For example, for more 
than 30 years it has been appreciated that saturated fat 

25 increases total cholesterol (TC) , whereas polyunsaturates 
decrease it, and monounsaturates were thought to be 
neutral (see Hegsted et al . , 17 Am. J. of Clin. Nutr. 281, 
1965, Hegsted et al . , 57 Am. J. of Clin. Nutr. 875, 
1993, and Heyden, 38 Ann. Nutr. Metab. 117, 1994 ) . 

3 0 More recently, investigators have focused on nutritional 
variables by which the different species of lipoproteins, 
as opposed to TC, are affected. The consensus is that 
most saturated fatty acids consumed as fats, i.e., twelve 
to fourteen carbon saturated fatty acids including lauric, 

35 myristic, and palmitic acids (12:0, 14:0, and 16:0 
respectively) , have the potential for elevating both LDL 
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and HDLt, although the relative increase in LDL tends to be 
greater than that for HDL (see Grundy et al . , 31 J. 
Lipid Res. 1149, 1990, Pronczuk et al . , 8 FASEB J. , 
1191, 1994, Katan et al . , 60 suppl . Am. J. Clin. 
5 Nutr . 1017S, 1994 and Mensink et al . , 12 

Arteriosclerosis and Thrombosis 911, 1992) . Adding to 
the complexity, 14:0-rich TGs are more cholesterolemic 
than 16:0-rich TGs (see Hegsted et al . , 17 Am. J. Clin. 
Nutr. 281, 1965, Sundram et al . , 59 Am. J. Clin. 

10 Nutr . 841 1994, Hayes et al . , 53 Am. J. Clin. Nutr. 
491, 1991, and Hayes et al . , 6 FASEB J. 2600, 
1992), and the impact of 16:0 is highly dependent on the 
host "metabolic setpoint" for TC in the serum at the time 
of intervention. Thus in people with high TC, 16:0 acts 

15 as a cholesterol-raising fatty acid, but at TC <200mg/dl 
16:0 typically appears neutral, neither raising nor 
lowering TC (see Heyden, 38 Ann. Nutr. Metab. 117, 
1994, and Hayes et al . , 53 Am. J. Clin. Nutr. 491, 
1991). On the other hand, 14:0-rich TGs are always 

20 cholesterol-raising, suggesting a different regulatory 
role for 14:0 and 16:0. Natural TGs, i.e. fats containing 
the 12:0 fatty acid also contain 14:0, so for all 
practical purposes they can be considered together (12:0 
+ 14:0) and separate from 16:0, which is generally the 

25 most prevalent saturated fatty acid in fats derived from 
plant and animal sources, often without any 12:0+14:0. 
Surprisingly, stearic acid (18:0) seems to be neutral in 
its regulatory behavior over TC (see Hegsted et al . , 57 
Am. J. Clin. Nutr . 875, 1993 and Katan et al . , 60 

30 suppl. Am. J. Clin, Nutr. 1017S, 1994) 

Only one fatty acid, linoleic acid (18:2n6 or 18:2), 
is generally acknowledged to be cholesterol -lowering. As 
an essential or required dietary polyunsaturated fatty 
acid, it alone among all of the POLYs [including linolenic 

35 or 18:3n3, eicosapentenoic (EPA) or 20:5n3, and 
docosahexenoic acid (DHA) or 22:6n3] consistently lowers 
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TC, especially lowering LDL-C but also decreasing HDL-C at 
high dietary intake of POLYs (Grundy et al . , 31 J. Lipid 
Res. 1149, 1990, Hegsted et al . , 17 Am. J. Clin. 
Nutr . 281, 1965, and Hegsted et al . , 57 Am. J. Clin. 
5 Nutr. 875, 1993), In fact, this tendency for 18:2 to 
lower HDL has even led to warnings against recommending 
POLYs as a means for lowering TC. Rather, the 

recommendation has been offered that monunsaturated fats 
(MONOs) containing oleic acid (18:1) should replace 

10 saturated fat as much as possible because MONOs do not 
lower HDL like POLYs do, and replacing saturates with 
MONOs will primarily lower LDL as suggested by Grundy et 
al., 31 J. Lipid Res. 1149, 1990. 

As applicant will describe below, the later statement 

15 is true, but it ignores the critical role of POLYs, and 
the fact that it is a critical balance between dietary 
intake of SATs and POLYs (both at moderate intake) which 
actually allows HDL to increase to yield the highest 
serum HDL/LDL ratio, at least in humans with normal 

20 cholesterol metabolism. 

Over the past few years a number of nutritional 
experiments using animal models and humans are relevant to 
Applicant's finding of fatty acid proportions required for 
generating the highest HDL/LDL ratio. The first relevant 

25 study was in monkeys (Hayes et al . , 53 Am. J. Clin. 
Nutr. 491, 1991) . In that report it was found that for 
SATs, 16:0 increased TC less than 12:0 + 14:0, but quite 
surprisingly 16:0 had an effect on TC very similar to 
POLYs (18:2) when 5% of the daily dietary calorie intake 

3 0 (abbreviated 5% en) was exchanged between these 2 fatty 
acids (between 5-10% en as 18:2, ie. Diets 4 vs . 5 in the 
cited study) . At the time of the study, the authors 
failed to appreciate the significance of the fact that 
once 5 % en as 18:2 in the daily diet has been achieved, 

35 additional dietary 18:2 does not really exert much effect 
on TC and can be exchanged for other "neutral" fatty acids 
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without altering TC appreciably. This relationship has 
been described as the "threshold effect" for 18:2 (Hayes 
et al., 6 FASEB J. 2600, 1992 and Pronczuk et al . , 
8 FASEB J. 1191, 1994) . 
5 In a second study in rhesus monkeys (Khosla et al . , 

1083 Biochem. et Biophvs . Acta 46, 1991) , the authors 
explored possible metabolic reasons for differences 
observed in TC during the exchange of (16:0 + 18:1) for 
(12:0 + 14:0) [Diet 4 versus Diet 2 in the cited study] . It 

10 was found that the former fatty acids (16:0 + 18:1) led to 
3- fold more VLDL output than the (12:0+14:0) diet, and 
that the (12:0+14:0) diet produced a larger LDL pool and 
a poorer (lower) HDL/ LDL ratio. The authors interpreted 
this to mean that dietary (12:0 + 14:0) fatty acids were 

15 worse than 16:0 (and 18:1) in terms of raising LDL, 
presumably because (12:0+14:0) down-regulate the LDL^ 
making it difficult for VLDL remnants and LDL particles to 
be cleared by the liver. This ultimately causes LDL to 
accumulate . 

20 In a third monkey study (Khosla et al . , 55 Am. J. 

Clin. Nutr. 51, 1992) the effect of high dietary intake 
of SAT 16:0 in the form of palm oil, versus high dietary 
intake of MONO 18:1 in the form of high oleic saf flower 
oil, and also versus high dietary intake of POLY 18:2 in 

25 the form of high linoleic saf flower oil was examined. 
Here the TC response was animal species specific, with all 
three fats causing an equal TC response in rhesus. 
However the high dietary 18:2 (at 30 % en) produced lower 
TC in the cebus species by virtue of an undesirable 

30 depressed HDL-C level while the LDL-C was unaffected by 
all three diets in both species. These data indicated 
that genetic differences can affect the sensitivity to 
18:2 in the diet, but that 16:0, 18:1, and 18:2 can appear 
to exert similar effects when lipoprotein metabolism is 

35 unimpaired and when essentially no dietary cholesterol is 
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present to interfere with LP metabolism (especially by 
decreasing LDL receptor number and LDL clearance rate) . 

An interesting observation and measurement recorded in 
the above cited study and unexplained until now was a 
favorable HDL/LDL ratio which was greater in monkeys fed 
the 16 : 0-containing SAT diet than the MONO or POLY diet. 
This observation contradicted the generally held belief 
that dietary SATs should be avoided in favor of POLYs and 
MONOs . However, this early measurement taken together 
with the more extensive new data provided in Appendix I 
now indicate that saturated fatty acids are a necessary 
dietary component for increasing HDL and increasing the 
HDL/LDL ratio in the serum. 

In other previous experiments using saturated animal 
fats blended with POLYs described in Perlman and Hayes, 
supra , it is noted that rodents (gerbils and hamsters) and 
monkeys (cebus) exhibited unexpectedly increased HDL/LDL 
lipoprotein ratios when corn oil (rich in 18:2) was 
blended into animal fats stripped of cholesterol. These 
data are also consistent with the model now proposed in 
which a balanced ratio of SATs and POLYs in the diet may 
be the most important consideration in modulating 
lipoproteins to increase HDL and maximize the HDL/LDL 
ratio . 

The discovery confirming and validating applicant's 
new model appears in the human nutritional study involving 
three different diets described in Appendix I (hereby 
incorporated by reference in totality, Nutrional 
Biochemistry Vol C:000 000; — in press -; — Apj. i "! 199 5-^. The 
most critical results from this study are summarized in 
Table III. 
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TABLE III 



HDL CONCFNTRATION IN HI IMA N SFPT IM VARfRS WITH RATIO OP . 
TO POLYUN.SATI IRATFn Pattv ac^R IKJ hifta pv y 



Dietary Fat Composition 
Dietary (Weight Percentage) 
Fat 



Percent Dietary Energy 
(Percentage of Daily Calories) 



Serum Cholesterol 
(mg/dl concentration) 



icodel SAI MONO_POLY 16:0^1 ISOMONO HDL£ LDL^C TC 



CAN 


7 


57 


36 


4 


17 


6 


49 


97 


177 


POL 


44 


45 


11 


11 


13 


3.5 


49 


102 


181 


AHA 


30 


37 


33 


8 


12 


7 


57 


96 


179 



SI 
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These diets included one containing low dietary SATs 
combined with moderate POLYs and high MONOs (canola oil 
diet -abbreviated CAN) , a second containing high dietary 
SATs combined with low POLYs and moderate MONOs (palm 
5 olein-abbreviated POL) , and a third containing moderate 
dietary SATs combined with moderate POLYs and moderate 
MONOs (soybean oil-palm olein-canola oil blend-abbreviated 
AHA) . Indeed^ all three fat -containing diets produced 
equal TC and similar LDL-C, but the AHA fat blend 

10 increased HDL-C by 20% (see Table III) relative to the 
other two diets. Thus, Applicant unexpectedly discovered 
that normolipemic people ( i.e. , people with normal 
lipoprotein metabolism and exhibiting serum TC values of 
<200mg/dl) appear to require moderate levels of both SATs 

15 and POLYs which, in appropriate total dietary amounts, 
produce an increased HDL concentration and increased 
HDL/LDL ratio in the serum. 

In order to provide a general method for maximizing 
the HDL/LDL ratio in human serum it is useful to 

20 understand the physiological basis by which the HDL/LDL 
ratio may be altered. Returning to Figure 1 and the 
experimental observations reported on herein, it appears 
that SATS (16:0 in the above diet) drive VLDL output, 
maximizing the potential for HDL production ( i.e. , 

25 increasing the HDL precursor pool of VLDL) . Since high 
dietary levels of MONOs did not increase HDL while 
moderate levels of SATs did increase HDL, it would appear 
that 16:0 (not 18:1) may have been responsible for the 
greatest VLDL output in the previous rhesus study (Khosla 

30 et al . , 55 Am. J. Clin. Nutr, 51, 1992). Secondly, it 
seems that an adequate intake of POLYs [which must exceed 
the 3.3 % en shown to be sub-optimal in the low-POLY diet 
in the appendix is needed to assure up -regulated or 
stimulated LDL^ activity. This level of POLYs is 

35 estimated to be at least 5-6% en and has been described 
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elsewhere as "assuring the 18:2 threshold requirement" 
(Hayes et al . , 6 FASEB J. 2600, 1992 and Pronczuk et 
al., 8 FASEB J. 1191, 1994). This intake of POLYs also 
assures that VLDL catabolism and LDL clearance proceeds 
5 efficiently and rapidly (decreasing plasma LDL) while 
sparing the need for HDL "clean-up" (ultimately increasing 
available HDL) . Viewed as a balancing process, adequate 
SATs are needed to enhance HDL precursor output (as VLDL) 
and adequate POLYs are needed to keep LDLr up -regulated to 

10 enhance LDL and VLDL remnant clearance by the liver. 
Together this combination results in the highest HDL and 
lowest LDL levels in the serum. To applicant's knowledge 
neither this combination of fatty acids nor this rationale 
for metabolic function has ever been recognized, let alone 

15 demonstrated in humans prior to this time. 

The importance of diversifying the dietary intake of 
polyunsaturated fatty acids to include one or more of the 
omegas polyunsaturates [i.e., of-linolenic acid (18:3, 
omega3), eicosapentenoic acid (EPA) and docosahexenoic 

20 acid (DHA) ] , in addition to linoleic acid (18:2, w6 ) , has 
recently been pointed out by Charnock et al . (3'''* Int. 
Symp. on Lipid Metabolism in the Normal and Ischemic 
Heart, Sept. 19 91) and by WLennan et al.(19 Aust . NZ J. 
Med. 1, 1989). According to these investigators, adding 

25 the above-mentioned omega3 polyunsaturated fatty acids to 
the diet improved the mechanical performance and the 
electrical stability of the marmoset heart. In this 
animal model the incidence of ventricular fibrillation was 
reduced while ventricular ejection, peak filling rate and 

30 end diastolic volume increased when compared to animals 
fed similar diets containing only polyunsaturates of the 
w6 type, e.g., linoleic acid. In marmosets fed saturated 
animal fats in place of comparable amounts of sunflower 
oil (linoleic acid-rich oil) or fish oil (omega3-rich 

35 oil) , cardiac performance deteriorated significantly with 
respect to both mechanical and electrical parameters. 
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As taught in the present invention, there are several 
straightforward means of providing a mix, and controlling 
the balance of saturated and polyunsaturated fatty acids 



5 strictly controlled use of liquid and/or solid dietary 
formulations which provide all of the dietary fat can be 
used to insure this balance. In a moderately controlled 
setting, institutional preparation of food for resident 
populations allows the monitored use of fats, e.g., 

10 hospital, university, and military kitchens, in which 
appropriately balanced fat blends can be used throughout 
the food preparation scheme. In addition, manufacturers 
of prepared food such as commercial bakers can use 
appropriately balanced blends of fats and oils. 

15 Example 1 : Fat Blends for Increasing the HDL 

Concentration and the HDL/LDL Ratio 

Two parts palm oil (44% palmitic acid, 9% linoleic 
acid) are blended with one part corn oil (11% palmitic 
acid, 58% linoleic acid) to provide a balanced fat blend 

20 containing approximately 33% palmitic acid (16:0) and 25% 
linoleic acid (18:2). When consumed as the principal and 
essentially the sole source of dietary fat in the daily 
diet, and representing approximately 3 0% of the dietary 
energy this fat blend will increase the level of HDL 

2 5 cholesterol in human serum and the HDL/LDL ratio compared 
to a similar diet in which the proportion of either 
palmitic acid or linoleic acid is 3 -fold lower. 
Example 2 : Other Fat Blends for Increasing HDL and the 
HDL/LDL Ratio 

30 One part palm oil (44% palmitic acid, 9% linoleic 

acid) is blended with one part cottonseed oil (23% 
palmitic acid, 52% linoleic acid) to provide a fat blend 
containing approximately 34% palmitic acid and 31% 
linoleic acid. One part palm oil is blended with one part 

35 soybean oil (10% palmitic acid, 51% linoleic acid and 7% 
linolenic acid) to provide a fat blend containing 



in ones daily dietary fat. 



In the extreme case, the 
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approximately 27% palmitic acid, 30% linoleic acid and 3% 
linolenic acid. Alternatively, one part coconut oil 
(approximately 70% lauric, myristic, and palmitic acids, 
and 2% linoleic acid) is blended with one part sunflower 
5 oil (6% palmitic acid, 66% linoleic acid) to provide a 
different balanced fat blend containing approximately 3 8% 
C12-C16 mixed saturated fatty acids and 34% linoleic acid. 
Alternatively, in a three component system, one part palm 
kernel oil (47% lauric acid, 16% myristic acid, 8% 

10 palmitic acid, and 2% linoleic acid) is blended with one 
part corn oil (11% palmitic acid and 58% linoleic acid) 
and one part canola oil (4% palmitic, 20% linoleic acid 
and 9% linolenic acid) to provide a fat blend containing 
29% C12-C16 mixed saturated fatty acids, 27% linoleic 

15 acid, and 3% linolenic acid. In another three component 
system termed the AHA blend (see Table I) , four parts palm 
oil are blended with five parts soybean oil and one part 
canola oil to provide a fat blend containing 26% palmitic 
acid, 29% linoleic acid, and 3% linolenic acid. In still 

2 0 another three component system, three parts palm olein 
(39% palmitic acid, 11% linoleic acid) are blended with 
one part cottonseed oil (23% palmitic acid, 52% linoleic 
acid) and one part safflower oil (6% palmitic acid, 74% 
linoleic acid) to provide a fat blend containing 29% 

25 palmitic acid and 32% linoleic acid. 

Example 3 : Oxidation-Resistant Fat Blends for Food 

Preparation as well as for Increasing the HDL 
Concentration and the HDL/LDL Ratio 



3 0 for increasing the HDL level and the HDL/LDL ratio in 
human serum include four to nine parts palm olein (3 9% 
palmitic acid, 11% linoleic acid) blended with one part of 
corn oil (11% palmitic acid, 58% linoleic acid) to provide 
a dietary fat blend containing approximately 33% to 36% 

35 palmitic acid and 20% to 16% linoleic acid. Similarly, 
two parts palm olein are blended with one part of corn oil 



Consistent with Examples 1 and 2, blends useful 
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to provide a fat blend containing approximately 3 0% 
palmitic acid and 27% linoleic acid. Likewise, as 
illustrated in Example 1, two parts palm oil are blended 
with one part corn oil for use as a dietary fat. These 
5 and other blends of vegetable fats and oils have been 
found to be valuable as ingredients in baked, fried, and 
other prepared foods, e.g., salad dressings, desserts, 
etc. because of the increased oxidative stabilities of 
these blends in combination with their metabolic benefits 

10 already described. The increase in oxidative stability 
for the polyunsaturated vegetable oil component in these 
blends is reflected in a longer shelf life for foods 
prepared using these blends, and a longer cooking (i.e., 
frying) lifetime for these blends when they are maintained 

15 at an elevated temperature (approximately 350°F) for many 
hours . 

By way of specific example, when blended with 
palm oil or palm olein, the oxidation-resistance of 
certain polyunsaturated vegetable oils is increased 

20 relative to that of the same oil when heated separately 
from the blended composition. In this Example and in 
Table IV, the stability of various oils and blends was 
measured by the Rancimat method in which the oxidative 
stability is directly proportional to the Rancimat number 

25 provided. A fat blend in which the oxidative stability of 
the blend is at least 25% greater than that of the 
polyunsaturated vegetable oil component in the blend is 
considered an oxidation-resistant blend for the purposes 
of this invention. 

30 The extent of oxidation-resistance in such blends 

has been found to vary widely depending upon the type of 
vegetable oil (e.g., corn versus soybean oil) and the 
extent of its dilution into the saturated fat such as palm 
fat. Accordingly, it is apparent from Table IV that at 

35 higher dilutions of polyunsaturated vegetable oils (e.g., 
5- fold and 10 -fold dilutions of soybean oil into the palm 
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fats) , the fat blends maintains good stability. However, 
when diluted only 3.3-fold (see 2.3:1 column in Table IV) , 
and within the composition range nutritionally useful in 
the present invention, the oxidative stability of the 

5 soybean oil -palm fat blends can fall to approximately the 
same level as the unblended vegetable oil (cf . 7.6 and 5.6 
for the blends versus 6.3 for the soybean oil alone) . 
Surprisingly however. Table IV reveals that corn oil can 
be stabilized against oxidation at both lower (3. 3 -fold) 

0 and higher (5 and 10 -fold) dilutions with palm fat. Thus, 
the oxidative stability of the corn oil-palm blends is at 
least two-fold greater than the corn oil alone (cf. 11.2 
and 9.9 for the lower dilution blends versus 4.8 for the 
corn oil alone) . The results from this Table and from 

5 previous unpublished experiments of Applicant have shown 
that the oxidative stability of fat and oil blends is 
unpredictable and can only be determined by 
experimentation. It is significant that the proportions 
of a number of fats and oils in such blends which are 

0 useful in the diet for controlling cholesterol levels as 
taught herein, are also useful owing to their oxidative 
stabilities . 



TABLE IV 



5 



OXIDATIVE STABILITY OF FAT BLENDS 
( Ranc ima t me t hod* ) 



Polyunsaturated oil 



Ratio 
9:1 



(Palm olein 
4 : 1 



Polyunsatured oil) 
2.3:1 



soybean 
corn 



16 

16.7 



14 .4 
13 . 5 



7 . 6 

11.2 



m m 
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Ratio (Palm oil : Polyunsatured oil) 

Polyunsaturated oil 9 : 1 4 : 1 2.3:1 

soybean 14.4 10.2 5.6 

corn 15.3 12.2 9.9 



5 OXIDATIVE STABILITY OF PURE FATS AND OILS 

Palm olein 20 

Palm oil 21 . 2 
soybean oil 6.3 
corn oil 4 . 8 



10 *The Rancimat method determines the oxidative and 

thermal stability towards oxidative decomposition 
in oils and fats. The oil sample is exposed to a 
stream of atmospheric oxygen at elevated 
temperatures giving rise to organic acids in the 

15 oil/fat. These volatile products are trapped in 

a measuring vessel filled with distilled water and 
continuously detected with a conductivity cell. 
The measurements are then evaluated by a control 
unit which records the induction time of the 

20 sample. The progress of the oxidation curve 

determined in this manner virtually parallels the 
development of the peroxide values in the oils 
being tested. 



Other embodiments are within the following 

25 claims. 



